Abstract. Quantifying long-term size-selective harvest patterns is necessary for understanding the potential evolutionary effects on exploited species. The comparison of fishery selection patterns on the same species subject to different gear types, in different areas, and over multi-decadal periods can reveal the factors influencing selection. In this study we quantified and compared size-selective harvest by nine Alaskan sockeye salmon (Oncorhynchus nerka) fisheries to understand overall patterns. We calculated length-specific linear selection differentials (the difference in average length of fish before vs. after fishing), which are produced by different combinations of exploitation rates and length-selectivity values, and nonlinear standardized differentials, describing disruptive selection, across all years for each fishery. Selection differentials varied among years, but larger fish were caught in 73% of years for males and 84% of years for females, leaving smaller fish to spawn. Disruptive selection was observed on female and male fish in 84% and 92% of years, respectively. Linear selection was stronger on females than males in 77% of years examined, and disruptive selection was stronger on males in 71% of years. Selection pressure was influenced by a combination of factors under and beyond management control; analyses using mixed-effects models indicated that fisheries were less size selective in years when fish were larger than average and had lower exploitation rates. The observed harvest of larger than average sockeye salmon is consistent with the hypothesis that size-selective fishing contributes to decreasing age and length at maturation trends over time, but temporal variability in selection and strong disruptive selection suggests that the overall directional pressure is weaker than is often assumed in evolutionary models.
INTRODUCTION
Life-history traits of wild animals and plants can be strongly influenced by a variety of anthropogenic activities Hard 2009, Darimont et al. 2009 ). Differential mortality patterns from harvest of wild populations can have significant ecological effects, including reductions in density with associated increases in growth and decreases in mean ages and lengths of individuals (Policansky 1993 , Trippel 1995 , Hutchings 2004 . Harvest is often size selective (Todd and Larkin 1971 , Sinclair et al. 2002 , Coltman et al. 2003 , Carlson et al. 2007 , Mooney and McGraw 2007 ), in part because hunters, fishers, and collectors target larger than average individuals (Darimont et al. 2009 ) and harvesting gear often selectively removes individuals with respect to length (Hamley 1975, Millar and Fryer 1999) . This can alter the distribution of age and length at maturation among individuals surviving to reproduce (Law 2000 , Coltman et al. 2003 , Swain et al. 2007 , Allendorf et al. 2008) . Maintenance of diverse lifehistory traits and a broad distribution of ages and lengths at maturation can enhance population productivity and sustainability (Hilborn et al. 2003 , Schindler et al. 2010 . Numerous studies have also emphasized the importance of older, larger individuals for population stability and sustainability (Birkeland and Dayton 2005 , Law 2007 , Hsieh et al. 2010 . Accurately understanding the selective pressures generated by harvest and factors influencing size selectivity is therefore important for maintaining the phenotypic diversity and productivity of exploited wild populations.
Fisheries scientists and managers have expressed concerns about adverse ecological and evolutionary effects of selective harvest for over a century (Rutter 1904 , Smith 1920 , Miller 1957 , Handford et al. 1977 , Ricker 1981 , Allendorf and Hard 2009 ). Fishery selection may lead to genetic changes in life-history traits (Allendorf et al. 2008) , which may be harder to reverse than changes associated only with phenotypic plasticity (Law 2000 , Dieckmann and Heino 2007 , Dunlop et al. 2009 ). Selective harvest is generally thought to result in adaptive demographic shifts toward smaller fish and decreased age and length at maturation 1 E-mail: kendalln@uw.edu (Fenberg and Roy 2008) . However, continued sizeselective harvest has been associated with decreased fecundity (Walsh et al. 2006) , increased sexual dimorphism (Wolak et al. 2010 ), lowered reproductive rates (Venturelli et al. 2009 ), reduced yield (Conover and Munch 2002) , increased variability in abundance (Hsieh et al. 2006 , Anderson et al. 2008 , and stock collapses (Olsen et al. 2004) . Harvest managers and scientists have considered how to manage fishing and hunting to minimize adverse phenotypic and genetic changes in their stocks associated with selective harvest (Jørgensen et al. 2007 , Allendorf et al. 2008 . ''Evolutionary management'' considers consequential evolutionary trait changes in exploited populations (Heino and Godø 2002 , Ashley et al. 2003 , Jørgensen et al. 2007 ); such changes have increasingly been shown to affect ecological relationships (Schoener 2011) . Evolutionary response in a trait can be expressed as the product of selection on that trait and its heritability, defined as the proportion of phenotypic variance attributable to genetic variance (Falconer and Mackay 1996) , so quantifying sizeselective harvest is an essential first step to understanding its evolutionary consequences. However, research evaluating the implications of selective harvest has been hampered by the difficulties in quantifying such selection, including selection differentials, over time (Law 2007 , Kuparinen et al. 2009 ). Data required to accurately estimate size selection, including the size composition of individuals being captured and those not captured (Quinn et al. 2006) , are often difficult to obtain, so few studies have empirically examined spatial and temporal patterns.
The life-history patterns of salmon make them ideal for quantifying harvest selection and estimating selection differentials. All salmon migrating into freshwater are maturing adults, and they can be counted and data on their life-history traits can be collected. Characteristics of individuals not harvested can be directly compared with similar data from individuals that were caught. Previously, we established protocols and examined long-term patterns of size-selective harvest by the gillnet fishery for sockeye salmon (Oncorhynchus nerka) in the Nushagak Fishing District of Bristol Bay, Alaska ). This fishery has generally caught larger fish than those that escaped to spawn, but selection patterns varied among years. Moreover, the largest fish were often not the most vulnerable to being caught because vulnerability curves generated by the fishery were not simply directional. We also found that the Nushagak River chinook salmon (O. tshawytscha) commercial fishery has been markedly less selective than the fishery for sockeye salmon (Kendall and Quinn 2011) , emphasizing that simple selection patterns cannot always be assumed. Other work on size-selective fishing found that larger than average sockeye and pink (O. gorbuscha) salmon were caught in most years by Skeena River (Todd and Larkin 1971) and Bristol Bay (Bue 1986 , Hamon et al. 2000 gillnet fisheries, but selection was inconsistent over time and was often disruptive. The few studies on non-salmonids have found similar patterns. Specifically, Carlson et al. (2007) showed that a recreational fishery on pike (Esox lucius) in England tended to catch larger than average individuals but that there was also some disruptive selection. Sinclair et al. (2002) reported that the fishery on Atlantic cod (Gadus morhua) in the southern Gulf of St. Lawrence, Canada varied over time between positive directional, negative directional, and disruptive selection.
The goal of the present study was to further characterize harvest selection patterns using additional data sets and test the generality of our previous findings. Specifically, we quantified a total of 283 years of sizeselection patterns from nine Alaskan sockeye salmon fisheries with different characteristics under and beyond management control, including fishery and resource characteristics. The direction and strength of fishery size-selection patterns were quantified using annual linear and nonlinear selection differentials, which describe directional selection as the difference in the average length and stabilizing vs. disruptive selection as the difference in variance in length, respectively, of the stock before and after a selective event (Lande and Arnold 1983, Law and Rowell 1993) . We examined the relationship between the linear selection differentials and the fishery characteristics and modeled which characteristics best predicted the selection differentials. We hypothesized based on previous research ) that fisheries with lower exploitation rates, smaller run sizes, and larger than average fish would be less selective on length. Gillnets, with diamond-shaped mesh openings, are thought to have dome-shaped selectivity, catching fish of intermediate lengths (Hamley 1975 , Millar and Fryer 1999 , Fujimori and Tokai 2001 ). Purse seines, on the other hand, are not thought to be size selective (Yule 2000) as they use small mesh to encircle a group of fish; we predicted that these fisheries would be less selective than those using gillnets. We also expected that more protracted fisheries (longer period between the first and last days of fishing) and those that operated on fewer days in a given season would be less size selective because fishing could be spread throughout the season, catching a wider distribution of lengths of fish in the run, and because fish of all lengths could escape when the fishery was closed. Finally, we hypothesized that because fish of different lengths often vary in run timing ), differences in fishery timing (i.e., if more fish were caught earlier or later in the season) could affect fishery size selection.
METHODS
Study site, study species, and data collection
We used 283 years of sockeye salmon fishery data from nine Alaskan fisheries, including 41-61 years (between 1946 and 2009 ) of data from the five distinct fisheries in Bristol Bay, 19 years (1989 Bay, 19 years ( -2007 of data from Upper Cook Inlet, 18 years (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) from Chignik Lagoon, 6 years (1985-1988, 1990, 1992) from Alitak Bay, and 5 years (1985-1987, 1989, 1991) from Nelson Lagoon (Fig. 1) . We obtained annual information on fishery characteristics and attributes of fish returning to each fishery, including gear type, fishery timing, fishing season length, the percentage of days during the season when fishing occurred, exploitation rate, run size, and average fish length (summarized in Table 1 ) to use as predictors in evaluating the relationship between fishery characteristics and observed size selection.
Sockeye salmon are especially well-suited to harvest selection analyses compared to other Pacific salmon species. Sockeye, pink, and chum (O. keta) salmon are taken almost exclusively in commercial fisheries near their natal areas. However, in many cases the numerous small populations of pink and chum salmon are less closely monitored than the smaller number of larger sockeye populations. Coho (O. kisutch) and chinook salmon are often taken in recreational and commercial fisheries along the coast over a protracted period, so it is more difficult to obtain records of lengths of fish that are caught from a specific population for comparison with the lengths of fish not caught. Analysis of harvest selection depends on the link between data on harvested individuals and those not captured, and this is only valid if both groups are from the same population.
Analyses
Analyses of fishery selection were similar to those carried out by . At processing facilities, the number of sockeye salmon caught was estimated daily and a sample of fish was measured for length (mid-eye to fork of caudal fin), scales were collected for age determination, and sex of each fish was recorded, providing annual age, sex, and length (ASL) data. Each river into which fish escaped to spawn had a weir, counting tower, or sonar device to provide daily counts of upstream migrating salmon that escaped the fisheries. Adult salmon were sampled for ASL near the counting sites using beach seines, tangle nets, or traps designed to catch the entire range of lengths in a nonselective manner. ASL data were used to characterize the lengths of all fish in a given fishery's catch and escapement, which together comprise the total run. Sockeye salmon do not feed or grow during the final stages of migration so the lengths of individuals in the catch and escapement can be directly compared. Males and females were treated separately because males are generally larger and more variable in length than females (Blair et al. 1993) .
We used individual length data to quantify fishery size selection (Lande and Arnold 1983) . Fishery selection acts on length rather than age, but is important to consider the consequences of this selection on both age and length at maturation as these traits are tightly linked. Fishing can affect the mean length of fish by directional (linear) selection and the variance in length through stabilizing or disruptive (nonlinear) selection (Brodie et al. 1995) . Thus, we calculated yearly lengthbased linear selection differentials (LSD s, f,y ; Eq. 1), linear standardized selection differentials (LSSD s, f,y ; Eq. 2), and nonlinear selection differentials (NSD s, f,y ; Eq. 3) for each sex and fishery, all ages combined. The linear selection differential is the difference in mean length of fish in the total (i.e., pre-fishery) run ( " L Rs; f ;y ) and fish in the escapement ( " L Es; f ;y ), and thus it represents the overall difference in the average length of the stock before and after a potentially selective event (i.e., fishery harvest; Law and Rowell 1993):
Linear selection differentials were standardized by dividing them by the standard deviation of length of fish in the run (r Rs; f ;y ), which allows comparison among years and fisheries and with other studies, as follows:
Nonlinear selection differentials were estimated as the annual difference between the variance in length of escaping fish of a given sex in a given fishery (r 2 Es; f ;y ) and the variance in length of the total run (r Rs; f ;y ), plus the linear selection differential squared, as follows:
ð3Þ
Larger selection differential values represent stronger selection whereas values close to 0 represent weaker
indicates whether larger or smaller individuals were caught, respectively, whereas a nonlinear selection differential's sign (þ or À) shows whether the variance is increasing (disruptive selection) or decreasing (stabilizing selection).
We used one-sample t tests to examine if the mean LSSD and NSD for each fishery differed from 0. Power tests (Cohen 1988 (Cohen , 1992 showed that for an effect size of 0.80 and significance criterion of P , 0.05, significant differences could be detected by these tests 80% of the time (power ¼ 0.80) with as few as 14 years of data per fishery. Thus, power was .0.80 for all fisheries except for Nelson Lagoon and Alitak, which had five and six years of data, respectively. We used ANOVA to test if significant differences in mean LSSD and NSD values existed among the nine fisheries. We performed Tukey HSD post hoc tests to see which pairs of fisheries differed. For an effect size of 0.40 and significance criterion of P , 0.05, significant differences among the fisheries could be detected with a power of .0.80 with 11 years of data per fishery. For the smallest sample size, Nelson Lagoon's five years of data, the power was 0.35. Finally, we evaluated if male and female LSSD and NSD values differed using paired t tests or ANOVAs (when variances were unequal between sexes). For the paired t tests, the power tests showed that for an effect size of 0.80 and significance criterion of P , 0.05, significant differences could be detected with a power of .0.80 with 14 years of data per fishery. Finally, for the ANOVAs, power tests showed that significant differences could be detected with a power of .0.80 with 25 years of data per fishery. Thus, for all fisheries except Nelson Lagoon and Alitak, the power of these ANOVAs was at least 0.65. We estimated annual exploitation rate (proportion of fish in the run caught) by sex and fishery (P s, f,y ) as
where C s, f,y was the number of fish by sex caught by a given fishery in a given year and E s, f,y was the number of fish by sex that escaped a fishery in that year. Run size was the total number of fish returning to spawn in a given year, and season length was the total number of days between the dates of the first and last observed catches. Fishery timing was calculated as the percentage of the fishing season's duration at which half of the total catch was achieved and describes whether more fish were caught earlier or later in the season. The percentage of days during the season when fishing occurred was the percentage of days fished during the season with a nonzero catch. Average fish length was the average length of all fish in the total run (catch and escapement). Gear type was a categorical variable (purse seine, gillnet, or mixed purse seine/gillnet). For any selection regime, the LSD can be calculated as a product of two factors: the ''length-selectivity value'' (the difference in the average length of fish caught vs. those not caught) and the exploitation rate. Consequently, different combinations of the two factors can result in the same LSD. We examined which values of these factors were observed in the nine fisheries to determine how the LSDs were influenced by exploitation rate and selective removal by length.
Additionally, because many factors can shape a fishery's length selectivity, we explored how the range of predictor variables were related to LSSDs using linear mixed-effects models (Zuur et al. 2009 ). We focused our analysis on LSSDs in these analyses because they are standardized so can be compared over time and among fisheries and because linear selection differentials are included in the calculation of the nonlinear metric. Mixed-effects models minimize bias in estimating random effects when fixed effects are present, and can account for multiple sampling events from a given unit (Smith et al. 2008 , Weisberg et al. 2010 ). These models accounted for the lack of independence among yearly samples from a given fishery. Thus, in our mixed-effects models the random effect was the fishery; we had multiple years of data from each fishery. We employed the lme function in the nlme package with a normal error distribution and restricted maximum likelihood as the parameter-estimation method in the program R (R Development Core Team 2009). We first ran linear mixed-effects models with each individual variable to understand its relationship with the LSSDs. Then, to determine which variables best predicted LSSDs, we ran models with different combinations of uncorrelated variables. Exploitation rate, run size, fishing season length, the percentage of the season when a fishery was open, and fishery timing were correlated (Pearson correlation and Spearman's rank correlation; P , 0.05). Thus, we included year, gear type, exploitation rate, and average fish length as fixed effects in our models.
The models (Eq. 5) predicted the absolute value of LSSDs from year-specific subsets of predictor variables for all years of data across fisheries. We used the absolute value because we wanted to understand which factors were associated with less-selective fishing (LSSD values close to 0). Separate models were created for males and females as
In this equation, a is the intercept, n i represents a random effect due to fishery i, X values represent one of the above predictor variables, the b values are the coefficients for predictor variable, and e i are errors for fishery i. Thus, jLSSDj is the sum of a baseline value, a random effect due to the fisheries, and one or more fixed effects. Models were adjusted with a first-order autoregressive process (AR1) with cov(e i,y , e i,yþn ) ¼ U
jnj
, where e i,y and e i,yþn are errors for fishery i separated by n years, which accounts for the finding that within fisheries residuals of the LSSD values were correlated with past years' values (Pinheiro and Bates 2000) . The best models to explain the jLSSDsj for fish of each sex were chosen based on Akaike Information Criterion with a second-order correction for small sample sizes (AIC c ; Burnham and Anderson 2002) . AIC c values indicate support for models providing a balance between better fits to the data and not being overparameterized. To understand how the predictor variables were related to jLSSDsj, we examined the variables' coefficient values, standard errors, and P values. We also checked model diagnostics including plotting residual against fitted values to check randomness and lack of any trends and examining Q-Q plots.
RESULTS
Mean LSSD values across all years for males and females were significantly less than 0 for seven of the nine fisheries (t tests, P , 0.05; Table 2 ). In 72% and 84% of the years the fisheries caught larger than average male and female fish, respectively, leaving smaller fish to spawn. Additionally, in 77% of all years assessed and for six of the nine fisheries the mean LSSD values for females were significantly more negative than those of males (paired t tests with equal variance, P , 0.05; Table 2 ). Mean annual LSDs among fisheries ranged from 2.6 mm (Chignik females) to À21.8 mm (Nelson Lagoon males; Table 2 ). The ANOVAs and post hoc Tukey HSD tests revealed that, except for the Togiak fishery on males and the Chignik fishery on females, LSSDs for all fisheries were not different from each other (P . 0.05). Specifically, mean LSSDs for Togiak males and Chignik females were positive whereas for all other fisheries they were negative. LSSDs varied greatly over time for a given fishery (Table 2; Fig. 2 ). Thus, our findings did not support our first hypothesis that fishery selection patterns would vary across the fisheries. In fact the patterns have been generally similar: fishery selection has varied over time but on average larger fish have been caught.
Mean NSD values among years were significantly greater than 0, indicating disruptive selection, for seven of the nine fisheries for females and eight of nine fisheries for males (t tests, P , 0.05; Table 2 ). In 92% of years for males and 84% of years for females the NSD values were positive, indicating disruptive selection. Additionally, in 71% of all years assessed and for seven of the nine fisheries mean NSD values for males were significantly larger than for females, indicating stronger disruptive selection on males than on females (ANOVAs, P , 0.05; Table 2 ). ANOVAs and post hoc Tukey HSD tests showed similar NSDs for female fish among most fisheries, but NSDs for males were different among 36% of fishery pairs. Finally, NSDs varied greatly over time within fisheries (Fig. 3) .
Several patterns emerged from our examination of exploitation rates and length-selectivity values (difference in average length of fish caught vs. not caught) along with the LSD they combined to produce (Fig. 4) . For any fishery, the product of the exploitation rate and the difference in length of fish caught vs. not caught is the linear size selectivity (Fig. 4a) . Specifically, to prevent large LSDs, a fishery with a high exploitation rate must exhibit low length selectivity and a fishery that is highly length selective must catch only a small fraction of fish. We found that 62% of annual LSDs for females and 69% for males had values of less than 610 mm (Fig.  4b, c) . A wider range of exploitation rate values than length-selectivity values occurred; most LSDs resulted from length-selectivity values between À30 mm and þ10 mm but exploitation rate values were more evenly distributed between 0.3 and 0.9, with generally similar patterns for males and females.
Fishery selection did not vary among fisheries that used the different gear types in the way we predicted. Male LSSDs from the two fisheries that included purse seine gear, Chignik and Alitak, and female LSSDs from the Alitak fishery were, on average, negative and significantly different than 0, suggesting that larger than average fish were caught (Table 2 ; t tests, P , 0.05). These LSSDs were also not significantly different from those of the all-gillnet fisheries (ANOVAs, P . 0.05). Mean NSD values for males and females from both the Notes: For each sex of fish, mean LSSDs and NSDs, standard deviation of the LSSDs and NSDs, and P values from the t tests examining whether mean LSSDs for each fishery were significantly different than 0 are listed. We also recorded whether mean LSSD and NSD values were greater for males or females and the P value from the paired t tests (LSSDs) or ANOVAs (NSDs) examining these differences. Finally, the mean annual LSDs for males and females from each fishery are given. All models were adjusted with a first-order autoregressive process (AR1).
April 2012 809 COMPARATIVE FISHERY SIZE SELECTION Chignik and Alitak fisheries were all positive (Table 2 ; t tests, P , 0.05), suggesting disruptive selection on length. These findings did not support our hypothesis that fisheries that used purse seine gear would be generally less selective than fisheries that used gillnets. The exception was female sockeye salmon from the Chignik fishery; LSSDs were not significantly different than 0 (Table 2 ; t test, P ¼ 0.15) and were significantly different from the LSSDs of other fisheries (ANOVAs, P , 0.05).
The findings of the linear mixed-effects models agreed with our hypotheses that lower exploitation rates, smaller run sizes, and larger than average fish were associated with smaller LSSD values (closer to 0) and thus less size selectivity (Table 3) . Additionally, fisheries that were open on fewer days each season were less size selective, as predicted. However, longer fishing seasons were correlated with larger LSSDs, suggesting greater size selection, contrary to our hypotheses. In years when more fish were caught later in the season (later fishery timing), size selectivity was weaker for males, but the opposite was found for females. Neither of these relationships was statistically significant, though. For males, there was significantly less size-selective fishing in earlier than more recent years, but this relationship was not significant for females. The best models to predict LSSDs were similar for males and females (Table 4) and included different subsets of predictors including the average length of fish in the run, the exploitation rate, a year effect, and gear type. Model diagnostics, including Q-Q plots, showed that the models fit the data appropriately. Inspection of the plot of residuals vs. fitted values from the best-fit models did not reveal any evident outlier observations or trends.
DISCUSSION
This research improves our understanding of the magnitude of and variation in size-selective harvest patterns on wild fish populations and thus the potential for harvest-induced evolution of life-history traits. The patterns and processes described here can be compared to those of other fisheries to guide further analyses and understand how management and resource characteristics can be related to selection patterns. Long-term patterns of size-selective harvest were similar among nine Alaskan sockeye salmon fisheries despite differences in location and gear. In general, larger than average fish of both sexes were harvested by most fisheries, as revealed by negative mean LSD and LSSD values, though selection varied markedly among years. Linear selection was stronger on longer females than it was on longer males for most fisheries. Male sockeye salmon are generally larger than females (Blair et al. 1993) ; the longest males are usually less vulnerable to being caught by gillnets (with their dome-shaped selectivity profiles), whereas the longest females are more vulnerable ). Fishing usually produced disruptive selection, increasing the variation in fish length as shown by the NSD values. Disruptive selection was stronger on males than females for all fisheries, associated with the greater variation in length of male sockeye salmon compared to females and the fact that the largest males were less vulnerable than those of intermediate lengths. Overall, .60% of observed annual LSDs were less than 610 mm and .97% were between À30 and þ10 mm. Such linear and nonlinear selective pressures could contribute to evolutionary decreases in age and length at maturity of these fish.
The temporal variation in LSSDs was correlated with changes in fish characteristics, fishing pressure, and management regulations. Specifically, linear mixedeffects models revealed that the average length of fish returning to spawn, exploitation rate, year, and fishing gear type were the best predictors of annual fishery LSSDs. Though correlations of the LSSDs with various management and environmental factors were generally weak, fishery managers should be aware that certain strategies can minimize size-selective harvest and evolutionary consequences (Heino and Godø 2002 , Ashley et al. 2003 , Jørgensen et al. 2007 ). In particular, lower exploitation rates confer less potential for evolutionary changes in age and length at maturation given fixed length-selectivity values of a fishery, consistent with previous models (Law and Grey 1989 , Brown et al. 2008 , Hutchings 2009 , Bromaghin et al. 2011 . A fishery can be very length selective but not greatly affect the length distribution of fish escaping to spawn if only a small percentage of fish are caught (Fig.  4a) . In addition, though managers cannot control the length of fish entering a fishery in a given year, when smaller than average fish are predicted, special care should be taken as stronger selection on the larger fish in the population may occur. Shorter fishing seasons and a smaller percentage of days fished were also significantly correlated with smaller LSSDs and thus less sizeselective fishing. Finally, size selection by gear type was not as straightforward as we expected. In general, gillnet fisheries selectively caught larger than average fish. The fishery that used a mix of gillnet and purse seine gear also caught significantly larger fish on average. The purse seine-only fishery, though, caught larger than average males but smaller than average females. Fisheries using all gear types produced disruptive fishery selection. It is unlikely that the purse seine gear is selective per se, so the selectivity of these fisheries may result from some other trait associated with fish length such as timing or behavior.
Variation in fish length, subpopulation run timing, fishery timing, and fishery harvest rates within a fishing season contribute to observed fishery size-selectivity patterns. First, populations that are harvested together by a given fishery often differ in lengths, and variation in run timing among these populations can result in fish of different lengths entering a fishery at different times in a given season (Boatright et al. 2004 , Chasco et al. 2007 ). Second, a fishery's harvest rate can vary within a given season due to management strategies. For example, fixed escapement management, applied to many salmon fisheries, often results in higher fishery exploitation rates later in the season once the escapement goal has been met (Quinn et al. 2007 ). Thus if larger fish arrive earlier in the season, when harvest rates are lower, and smaller fish arrive later, when harvest rates have increased, more small fish may be caught than larger ones, despite the fact that on any given day larger fish may tend to be caught. Another consideration for salmon (and some other fishes; Quinn et al. 2009 ) is that males tend to migrate earlier in the season than females, further influencing the patterns of selection. To account for these considerations and further understand their influences on fishery size-selection patterns, future work should calculate selection differentials on shorter, within-season time scales. We also note that the consequences of size-selective harvest may differ among populations due to their differences in size and run timing, emphasizing the importance of estimating sizeselective fishing on a population level ). Year-to-year randomization of the days when a fishery is open may reduce the overall strength of selection acting on fish of different lengths or different populations that share the same river system.
We emphasize the need to examine fishery sizeselection patterns over many years. Studies over a few years, regardless of the level of detail, may not reveal the true variation in selection patterns and thus the consequences of such selection. Similarly, Olsen et al. (2009) emphasized the importance of examining variation in trait values in addition to mean values. It is also necessary to assess size selection in multiple fisheries to know how much patterns can be generalized. We discovered, when searching for fisheries with appropriate data to calculate size selection, that it is often impossible to make such calculations due to interception of fish in a given stock by multiple fisheries and inconsistent or missing catch and/or escapement data. Knowledge of selection patterns from similar fisheries can be considered when making management decisions for fisheries where selection cannot be calculated. As the rigorous demands of data quality are difficult to meet in salmon fisheries, they will likely be even more challenging in fisheries for other species that are iteroparous, are subject to capture in larger areas, are difficult to enumerate, or grow in size during the period when they are being fished.
A number of studies have modeled the rate of evolution associated with harvest (Law and Rowell 1993 , Hard 2004 , Andersen et al. 2007 , Brown et al. 2008 , Andersen and Brander 2009 , Eldridge et al. 2010 , Bromaghin et al. 2011 ) and the optimal age at maturation in exploited populations (Jørgensen et al. 2009 , Kuparinen et al. 2009 ). Our results emphasize that such studies should consider interannual variation in harvest selection when predicting the mode and rate of evolution and optimal age and size at maturation. With temporal variation in selectivity, the rates of fisheries-induced evolution may be slower than if constant selection is assumed. Our analyses also indicated that the fisheries generally produced disruptive selection on fish length composition as well as tending to exploit larger than average fish. There are two implications of this result. First, studies that only report whether the exploited individuals were larger than those not taken may miss important nonlinear patterns. Second, models of possible evolutionary effects of harvest should account for the combination of directional and disruptive selective.
A next step in this work would be to estimate trends in age and length at maturation over time in the exploited sockeye salmon stocks and assess if fishery selection could lead to genetic changes in traits (Allendorf et al. 2008 ) and the speed of such changes (Law 2007, Andersen and Brander 2009) . Quantifying temporal trends in length at maturation is complicated, though, by the need to assess the average length of fish at specific ages (as age composition could also change over time) and in individual populations rather than at a fishery scale (due to potential population abundance changes over time). Kendall (2011) found that length-at-age at maturation of sockeye salmon has decreased over time in the majority, but not all, of nine populations associated with two of the Bristol Bay fisheries. Population-specific consequences of size-selective harvest depend on a number of factors including genetic controls over length and age at maturation and correlations of these traits with other life-history traits. Age and length-at-age at maturation are under genetic control to some degree; Carlson and Seamons (2008) found the median heritability value for both traits to be 0.21 in salmonid fishes, and the heritability value for length at maturation in one Bristol Bay sockeye salmon population was estimated to be 0.58 (J. Hard, personal communication) . These heritability estimates and our finding that larger than average sockeye salmon have usually been caught by Alaskan fisheries suggests that fishing could result in evolutionary changes toward smaller and younger fish over time (Hard et al. 2008, Allendorf and ). The variation in the selection pressure and patterns of disruptive selection, though, could slow the accumulation of such changes, and observed patterns of size and age will also be affected by growing conditions (Rogers 1987 , Rogers and Ruggerone 1993 , Pyper and Peterman 1999 and other forms of selection.
